Effect of flavonoids on rat splenocytes, a structure-activity relationship study.
Flavonoids are polyphenols frequently consumed in the diet which have been suggested to exert a number of beneficial actions on human health, including intestinal anti-inflammatory activity. Their properties have been studied in numerous cell types, but little is known about their effect on leukocyte biology. We have selected 9 flavonoids (extended to 14 flavonoids plus the related polyphenol resveratrol in some cases) with different structural features to characterize their effects on leukocyte viability, proliferation, and expression of cyclooxygenase 2 (EC 1.14.99.1), inducible nitric oxide synthase (iNOS, EC 1.14.13.39) and proinflammatory cytokines (TNF-alpha, IFN-gamma, IL-2), as well as to elucidate the structural requirements in each case. Quiescent and concanavalin A-stimulated rat splenocytes were used as a model. Flavonoids (50 microM) had a dramatic inhibitory effect on cytokine secretion. Inducible nitric oxide synthase expression was also blocked largely by some flavonoids, especially quercetin, luteolin and apigenin, while cyclooxygenase 2 was downregulated only by apigenin, diosmetin and quercetin. Apigenin, luteolin, genistein and quercetin had substantial cytotoxic/proapoptotic effects, while chrysin, daidzein, hesperetin and kaempferol did not reduce cell viability. In contrast, all flavonoids had powerful antiproliferative effects. However, none of the compounds activated caspase 3 (EC 3.4.22.56), but actually lowered caspase 3 activation and expression in concanavalin A-stimulated cells. The activity of the quercetin metabolite isorhamnetin was generally lower than that of the parent compound. We conclude that flavonoids have powerful effects on lymphocytes with distinct structural requirements that may contribute to their intestinal anti-inflammatory activity. The bioactivity of orally administered flavonoids may be dampened by biotransformation in vivo, particularly in extraintestinal sites.